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I. Introduction 
The color changes of animals have been recorded as far 
back as Aristotle's time. In his book History of Animals, the 
color changes of the octopus and chameleon are described. The 
first known descriptions of the chromatic activity of the frog 
were recorded by Vallisneri in 1715. 
The melanophore may be defined as a pigment cell in which 
the melanin pigment may be concentrated within the cell body or 
may be dispersed throughout the cell. Melanophores are found 
in many invertebrates, as well as in fish, amphibia, and rep-
tiles. The melanophore is one of a group of pigment cells 
referred to collectively as chromatophores. 
A. Types of Melanophores 
There are two basic types of melanophores. The melano-
phores found in cephalopods are minute organs composed of pig-
ment, muscle, and nervous tissue. Each cephalopod melanophore 
consists of a central elastic sac containing the pigment sus-
pended in a liquid medium. Surrounding this sac is a circlet 
of radiating innervated smooth muscle fibers. When the muscle 
fibers are relaxed, the sac assumes the shape of a sphere. When 
the muscle fibers contract, they pull on the sac and draw it 
into a disc. The diameter of the dise is many times that of the 
sphere, and the colored fluid contained in the central sac is 
spread over a much larger area. 
1. 
The other basic type of melanophore is found in fish, 
amphibia, and reptiles. It is a stellate cell in which the 
pigment, carried in a rather fluid cytoplasm, streams into and 
out of the stellate process of the cell. No contractile ele-
ments are visible in the melanophore. Melanophores are found 
in the skin directly beneath the epidermis, in the meninges, 
in the fascia surrounding skeletal muscle, and in the mesen-
teries. It is this type of melanophore that will be considered 
in the following work. 
B. Control of Melanophores 
2. 
Three classes of melanophores may be distinguished accor-
ding to their control (Parker 1948): those with double innerva-
tion (dineuronic); those with single innervation (mononeuronic); 
and those without innervation (aneuronic). Dineuronic mel~no­
phores are found in bony fish and some reptiles. The melano-
phores of the dog fish, Mustulus, and the horned toad, Pharyno-
soma, are mononeuronic in nature. 
The melanophores of amphibia are hormonally controlled 
and are aneuronic. This was first demonstrated by Smith (1916) 
who reported that hypophysectomy resulted in a blanching of the 
frog. His work was followed by that of Hogben and Winton (1922) 
who showed that injection of pituitary extracts into the hypophy-
sectomized frog dispersed the pigment within melanophores, thus 
darkening the animal. 
The melanophore responses of amphibia have been studied 
for many years. Dittus (1939) reported that injection of a 
prepara tion of corticotrophin (ACTH) produced an expansion of 
t he melanophores of the toad . More recently a controversy ha s 
a r isen ~dth respect to the relationship of ACTH and i nt er medin, 
t he melanophore stimula ting principle of the pituitar y gland. 
One s chool has proposed tha t the melanophore stimulating prin-
ciple is identical with ACTH, while others have presented evi-
dence whi ch they feel demonstra tes that the melanophore expanding 
principle is a contruninant of ACTH prepar a tions. 
C. Relationship of ACTH and Intermedin 
Sulman (1952a) postulated t he existence of a chromatophore-
tropic principle in ACTH. This proposal is based on various 
lines of evidence. He compared the potency of 16 corticotrophin 
preparations as determined by Sayer' s method of adrenal ascorbic 
a cid depletion with their potency i n stimulating the melanophor es 
of t he tree toad, Hyla arborea (Sulman 1952b). A close corre-
l a tion between the t wo activities wa s found. Those most potent 
in adrenal a scorbic acid depletion were also the most potent in 
melanophor-e stimulating activity. 
An incr ea sed amount of t he melanophore stimulating pr i nci-
ple wa s demonstrated in the blood of Addisonian patients, patients 
with Cushing's disease, and in pregnancy (Sulman (1953); three 
conditions in which there is an increa sed pigmentation of the 
ski n . This 1-rork ha s been confirmed by Johnsson and Hogberg 
(1953), a s well a s Ler ner , Shizl:!llle and Bundi ng (19 5.L:-). Sulman 
(1953) also r epor ted an increase i n t he melanophor e stimulating 
principle i n the blood of pati ents under stress, as for example; 
3. 
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in postoperative patients, and patients with myocardial infarcts. 
There is known to be an increased ACTH secretion in these clini-
cal conditions. Sulman feels that the parallelism of ACTH and 
intermedin in the blood of these patients is more than a coinci-
dence. A number of reports of an increased pigmentation of the 
skin of patients after prolonged administration of ACTH prepara-
tions (Sprague et al. 1950, and Behrman and Goodman 1950) also 
point to a possible relationship of ACTH and pigment formation. 
Winter, Brink, and Folkers (1953) reported the preparation 
and purification of Corticotrophin B. This is a peptide produced 
by peptic digestion of hog corticotrophin. It has been purified 
by countercurrent distribution and has a potency 300 times that 
of the international standard. This preparation has been re-
ported to be very potent in expanding the melanophores of freshly 
a~putated tadpole tails (Stebbins and Thomas 1953). 
Recently Thing (1954) has concluded from studies on crude 
extracts of the pituitary and ACTH preparations that the melano-
phore stimulating activity of ACTH is not due to contaminants. 
Bell et al. (1954) have also concluded that the melanophore stimu-
lating activity of ACTH is not due to an impurity. They found a 
nearly constant intermedin-corticotrophin ratio in a number of 
purified corticotrophin preparations. 
From the above mentioned evidence a direct relationship 
of ACTH and the melru1ophore stimulating principle seems highly 
probable. 
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A number of workers have presented evidence which they feel 
proves there is no relationship betl·reen ACTH and intermedin. Li 
and coworkers (1952) have found no correlation between the adrenal 
ascorbic acid depleting activity and the melanophore stimulating 
activity ~f a number of sheep ACTH preparations. Reinhardt and 
Li (1952) and Astwood (1952) have concluded from their studies 
that the melanophore stimulating activity of ACTH preparations 
can be separated from the adrenal ascorbic acid depleting activity 
of these preparations. 
Further work must be carried out in order to resolve this 
controversy. The conflicting results might be due to differences 
in assay methods, species differences, or methods of preparing 
the pituitary preparations. An accepted quantitative assay 
method for measuring melanophore responses is an important re-
quirement for settling the controversy. 
Recently Lerner, Shizume and Bunding (1954), and Salassa 
et al. (1954) have demonstrated an increased pigmentation of the 
skin of patients receiving pituitary preparations in large doses 
over a long period of time. The exact relationship of the in-
creased pigment production and the melanophore expansion produced 
by these preparations is at this time uruanown. As mentioned pre-
viously, increases in the melanophore stimulating principle of 
the blood of Addisonian patients have been reported, by Sulman (1952) 
and Johnsson and Hogberg (1953). An objective quantitative method 
for assaying melanophore stimulating principle is needed in the 
study of the effects of the hormone on the increased pigmentation 
in humans. Such a method might also be of some use as an aid in 
6. 
the diagnosis of Addison's disease. Another possible use of the 
assay method might be in a study of the relationship between the 
increase in the melanophore stimulating principle in the blood of 
patients and animals under conditions of stress, and the release 
of ACTH by the pituitary. 
Ingle et al. (1953) demonstrated an increased work output 
of hypophysectomized adrenalectomized rats following the adminis-
tration of ACTH. At that time he posed the question of whether 
or not intermedin might possibly be the active agent in the 
preparation used. More recently, he has demonstrated the same 
beneficial effect from Pitressin which is known to possess melano-
phore stimulating activity. Recently Kane (1955) has reported the 
improvement of patients suffering from myasthenia gravis treated 
with crude preparations of ACTH. The possibility of intermedin 
playing a role in muscle function and in myasthenia gravis makes 
a quantitative assay method for the melanophore stimulating prin-
ciple important. 
Within the retinal layer of the eyes of both invertebrates 
and vertebrates are pigment cells containing melanin granules 
which migrate within the cell. The role of these pigment cells 
in vision and the movements of the retinal pigment have been 
studied for many years. Boll (1877) and KUhne (1878) demonstrated 
that the retinal pigment of the frog moved outward between the 
rods and cones and inward towards the bodies of the pigment cells. 
Engelman (1885) concluded from his experiments that the pigment 
cells were sympathetically innervated, and later Fujita (1912) 
7. 
demonstrated that epinephrine produced migration of the retinal 
pigment of the frog. In this respect the pigment cells of the 
retina are similar to the dermal melanophores of the frog, ex-
cept that the dermal melanophores contract when exposed te epi-
nephrine. The role of the pigment cells in the visual process 
has been debated since KUhne (1878) proposed the theory that the 
mechanical agitation of the pigment stimulated the rods and cones, 
or that the end products of chemical decomposition of pigment 
by light might stimulate the rods and cones. The currently 
accepted opinion regarding the function of the retinal pigment 
is the absorption of light that would otherwise be disturbing 
to the sharpness of the visual image. A study of melanophore 
responses might be of use to the workers in the field of visual 
physiology. 
The vertebrate melanophore is, in reality, a single cell 
effector and is, thus, unlike the muscle, glands, and ganglia 
which are multicellular and contain more than one type of tissue. 
A study of the physiology of the chromatophore might be of great 
importance in yielding information about other effector organs. 
Quantitation of the responses of melanophores is a prerequisite 
for a thorough study of their physiology. 
The following work was carried out in order to study the 
responses of the melanophores of fish and frogs, and to develop 
quantitative methods of measuring n1elanophore responses to drugs 
and hormones. 
8. 
II. Responses of Frog and Fish Melanophores 
The mechanism of melanophore activity has been debated 
since 1896 when Ficalbi proposed the theory that the melanin 
pigment moves together with cytoplasm in ameboid-like pseudopodia. 
A second theory proposed by Ruth and Gibson (1917) claimed that 
there is no movement of pigment, but instead there is formation 
of pigment from the center outward during "expansion", and a des-
truction of pigment during "contraction". 
A theory proposed by Mast (1934) to explain the mechanism 
of melanophore activity suggests that the movement of the melanin 
granules inside the cell might be the result of the contraction 
and expansion of the melanophore walls forcing the pigment in 
and out of the processes. No experimental evidence has been pro-
vided to support this theory while Herrick (1933) has presented 
evidence which does not support Mastts theory. 
The theory accepted by most investigators was proposed by 
Ballowitz (1914) and modified by Spaeth (1916). The melanophore 
was said to be a stellate or reticulate type of cell fixed in 
position, whose pigment aggregates in the center or disperses 
into the peripheral processes in response to stimuli. Spaeth 
proposed that the mechanism of pigment migration was related to 
a reversible gel-sol formation, suggesting that the pigment is 
dispersed while in the sol state. This theory has been supported 
by Mathews (1931) and Marsland (1944). 
Spaeth (1913a) demonstrated with several photographs of the 
same melanophore in the expanded and contracted state that the 
melanophore is a fixed cell whose pigment migrated in fixed 
processes. The permanent nature of the cell processes is illus-
trated in Plate I. The photographs depict the reaction of a 
melanophore of the yellow perch (Perea flavescens) before and 
after the administration of epinephrine and N-9-fluoroenyl-N-
Ethyl-2 chlorethylamine HCl (Parke, Davis Sy-21). Administration 
of epinephrine results in the migration of the melanin pigment 
towards the center of the cell, and administration of ~¥-.2r- :re­
sults in a migration of pigment back into the formed processes 
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of the cell. Plate II illustrates the reactions of many melano-
phores of an isolated scale of Fundulus heteroclitus to epine-
phrine 1:100,000 • . Plates III and IV illustrate the reactions of 
isolated melanophores of Fundulus heteroclitus to epinephrine 
1:100,000. The change in form from complete dispersion of melanin 
in the cell processes to concentra tion of melanin in the cell 
body is quite evident in these photographs. 
Plate V illustrates the reaction of isolated melanophores 
of the frog, Rana pipiens, to ACTH. Photographs were taken 
before and after the addition of ACTH to make a concentration of 
0.25 ug/ml in the tissue bath. 
With the migration of pigment into the cell body from the 
cell processes, the melanin pigment is condensed into a much 
smaller area and the animal appears lighter in color. With the 
migration of pigment back into the cell processes the animal 
appears darker. 
Photographs were taken of the melanophores of isolated 
scales of the yellow perch before and after administration of 
epinephrine (scales 1 to 8) and before and after administration 
of SY-21 (scales 9 and 10). The developed negatives were pro-
jected by means of an enlarger onto sheets of white paper, and 
the outlines of the melanophores were traced ~nth pencil. The 
areas covered by these irregular shaped melanophores were then 
measured by means of a planimeter. The results are presented in 
Table 1. The pigment was found to cover approximately six times 
more area in the dispersed state than in the concentrated state. 
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Table 1. The Areas Covered by Melanin Pigment Before and After 
Administration of Epinephrine 1:1000 
Scale 
1 
2 
3 
4 
5 
6 
7 
8 
He an 
9 
10 
:t-ie an 
Before After 
11.8 6.4 
21.3 5.6 
22.7 4-1 
20.2 3.0 
22.6 Lr.7 
19.6 5.0 
49.1 7.6 
48.3 ~ 
27.0 5.5 
The Areas Covered by Melanin Pigment Before and After 
Administration of SY-21 1:1000 
4-9 
6.4 
5.7 
41.7 
26.7 
39.2 
11. 
12. 
. . . · ... 
. . . · . 
• 
PLATE II Responses of the Me1anophores of 
Fundulus heteroclitus to Epinephrine 1:1000 
13. 
E~l ,., 
PLATE III Responses of a Group of Me1anophores of Fundulus heteroc1itus 
to Epinephrine 1:1000 
1-' 
-+:---
. 
PLATE IV Response of a Single Melanophore (Fundulus heteroclitus) to 
Epin~phrine 1:1000 
...... 
\J't 
• 
PLATE V Responses of Melanophores of Isolated Frog Skin (Rana pipiens) 
to ACTH 0.25 ug/ml 
1--J 
~ 
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III. Methods of Recording and Quantitating Melanophore Responses 
Introduction 
The problem of quantitating melanophore responses is not 
a new one. Fuchs (1906) and Spaeth (1913) reported descriptions 
of individual melanophores of fish observed with the microscope. 
Since that time several methods have been proposed for recording 
and quanti~ating the responses of melanophores to drugs, hormones, 
nerve stimulation and environmental changes. 
A number of problems are involved in the quantitation of 
melanophore responses, whether the melanophores are studied in 
the intact anin~l or in isolated preparations. 
The following discussions of the methods of recording and 
quantitating melanophore responses, and the problems involved, 
will be made under two broad divisions. Methods will be discussed 
under the headings of subjective and objective methods. The 
criticism and defense of each method will be discussed. 
1. Subjective Methods 
Fuchs (1906) and Spaeth (1913) were the first to express 
the degree of dispersion of pigment in melanophores and their 
changes as "punc·tate", "stellate" and "reticulate". Intermediate 
points were expressed as combinations of these three stages; for 
example, "reticule-stellate". The melanophores of intact fish 
were studied with the aid of the microscope and given the above 
ratings. 
Hogben and Slome (1928) gave numerical values te each of 
the stages of melanophore pigment dispersion. They set up a 
series of five standards, giving them ratings from one (for the 
punctate stage) to five (for the reticulate stage). The melano-
phores observed under the microscope were compared to these 
standards and given an index rating. This scale of standards 
18. 
is referred to as Hogben's index. Since that time a number of 
modifications of Hogben's index have been made. Matsushita (1938) 
developed a six step index with finer gradations than the Hogben 
index. Sawaya (1939) and Mendes (1942) like Hogben and Slome 
distinguished five points, but numbered them in the reverse order. 
A sim~ilar index was applied to the calor change of Anolis 
by Kleinholtz and Rahn (1940). The animals were observed grossly, 
and the green stage (in which the melanophore pigment is completely 
concentrated) was given a rating of 0. The stage at which the 
animal is dark brown or black (corresponding to complete disper-
sion of the melanophore pigment) was given the index of 5. The 
colors in between green and black were given indices of one to four. 
The melanophore index has been used by a number of workers 
in an attempt to quantitate melanophore responses of intact ani-
mals, hypophysectomized animals, and isolated preparations of 
frog skin and fish scales. Waring and Landgrebe (1941) have ob-
served the web of Xenopus under the microscope and have used the 
Hogben index to rate the melanophore responses of the toad~ to 
pituitary preparations. They have obtained a linear log dose-
response relationship when the log of the dose is plotted against 
--~-----
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the average indices observed. 
Kleinholtz and Rahn (1940) observed Anolis grossly follow-
ing the administration of pituitary extracts and plotted log dose-
response curves using the Hogben index. In addition they plotted 
time-response curves using this index. Rahn and Drager (1941) 
assayed the melanophore stimulating hormone of the developing 
chicken by this method. 
More recently Sulman (1952 a, b), using the tree toad, 
Hyala arborea, and Stebbins and Thomas (1953), using amputated 
tadpole tails, have employed the melanophore index method to assay 
ACTH for its melanophore dispersing potency. Thing (1952b) has 
also employed this method to assay ACTH for its melanophore stimu-
lating potency in the intact adult frog and in tadpoles. 
The use of the Hogben index as a method of quantitating 
melanophore responses has been criticized by a number of workers 
(Parker 1943, Hill et al. 1935). The main objection of the index 
is that its subdivisions are arbitrary notations, and have no 
mathematical basis. Since there are no mathematical relations 
of the various subdivisions, it is not valid to average them or 
to carry out the other statistical procedures that have been em-
ployed. A stage of 4 is not twice as great as a stage of 2, and 
a stage of 5 is not necessarily five times a stage of 1. The 
originators of the method stated the fact that the indices were 
arbitrary designations and "no significance can legitimately be 
attached to gradients of the curve". Emm.ens (1948) states, 
"Responses based on a series of arbitrary grades, an 
example of which is the grading 1, 2, 3, etc., given 
to a series of changes which occur as a result of the 
administration of a drug, may fit a logarithmic curve 
by chance, but there is no inherent reason why they 
should do so." 
Procedures have been developed by Fisher (1941) which 
permit valid analysis of data obtained with such an arbitrary 
scale as the Hogben index. No worker using the index has made 
use of these procedures. 
Another criticism of the use of such subjective methods 
is the personal element that enters into the scoring of observa-
tions according to predefined scales. 
The workers using the index method for assay purposes 
defend its use. Thing (1952a) states, 
"If the unknowns are always compared with a standard 
preparation and their potency expressed in relation 
to this, no serious criticism can be raised against 
the methods." 
Such a defense does not validate the statistical treatment of 
data carried out by these workers. 
With respect to the subjectivity of the method, Waring 
and Landgrebe (1942) claim that in a very short time one can 
estimate the degree of melanophore pigment dispersion with an 
accuracy of 10 per cent. Waring (1942), however, stated that 
the observation of the melanophore index of Teleosts is diffi-
cult due to the fast changes in the state of the melanophores 
of these animals. 
Another microscopic method used in the quantitation of 
melanophore responses was developed by Calloway, McCormack and 
20. 
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Singh (1942). It is in some respects a subjective method, but 
the data allo'\-r valid statistical treatment. The response re-
corded was the "reaction time"; i.e., the time that a group of 
melanophores take to return to their initial degree of pigment 
dispersion, follmring the injection of pituitary extracts. This 
response was plotted against the log dose, and a linear relation-
ship was observed. 
One can see that this method would be a tedious and im-
practical one to carry out with a large number of animals. It 
would be especially laborious for the assay of pituitary prepara-
tions that have been boiled '\-rith alkali, a treatment which greatly 
prolongs the duration of action, and potentiates the magnitude 
of the response. The statistical treatment of the data obtained 
in this way is valid, but with the inherent variability of the 
biological material that has been reported by many workers, the 
number of animals needed for a reliable assay precludes the use 
of the "reaction time" as a measurement of the melanophore response. 
2. Objective Methods 
The first objective method used to record melanophore res-
ponses was that of Spaeth (1916). It consisted of follo'\-ring the 
changes in the diameter of the melanophore with an ocular micro-
meter attached to a microscope. A system of pulleys led from 
the micrometer to a lever which recorded the changes in the dia-
meter on a smoked kymograph drum. Thus, a graphic record of 
diameter change '\-rith time was obtained. Spaeth used this method 
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to record the pulsations of isolated Fundulus melanophores after 
placing them in BaC~ He also used this method to assay posterior 
pituitary extracts. The method did not draw very much attention, 
and has not been used by other workers. The attention of the 
worker required by this method would make it an extremely laborious 
one with which to carry out any extensive work. 
Hill, Parkinson and Solandt (1935) reported an objective 
photoelectric method for measuring the changes in the amount of 
light reflected from the dorsal surface of Fundulus when subjected 
to changes in background. Time-response curves were obtained. 
Wykes (1937) and Neil (1940) have objected to the measurement of 
reflected light on the basis that it measures the sum total effect 
of all chromatophores and not the individual pigmentary effectors. 
They also criticized the subjecting of the fish to intense illu-
mination in narrow glass tubes. A method similar to that of Hill, 
Parkinson and Solandt, used to measure melanophore responses of 
frogs, will be discussed in detail subsequently. 
D. c. Smith (1936) reported an objective photoelectric 
method which measured the amount of light transmitted through 
isolated scales of Tautoga omites (1.). A constant source of light 
projected onto the mirror of a microscope was reflected up through 
the isolated scale onto a photocell mounted on the ocular of the 
microscope. The photocell was attached to a galvanometer, so that 
as the pigment of the chromatophores concentrated or dispersed, 
the amount · of light impinging upon the photocell increased or de-
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creased, and the galvanometer needle was deflected. The galvano-
meter readings were, therefore, a measurement of the pigment mi-
gration of the melanophores. Graphic time response curves were 
obtained for single as well as groups of chromatophores. The 
method was used to study the pulsations of melanophores in varying 
mixtures of NaCl and BaC12 • A method similar to this will be dis-
cussed in detail subsequently. The criticisms of using isolated 
preparations will also be discussed. 
Belehardek (1937) described a method for quantitation of 
the melanophore responses of isolated pieces of frog skin. Wright 
(1948) described a similar method which consisted of measurement 
of the light transmitted through the isolated frog skin by means 
of a photoelectric colorimeter, before and after treatment of 
the frog skin with pituitary extracts. Frieden, Fishbein and 
Hisaw (194.8) reported an assay method for intermedin (the melano-
phore stimulating principle of pituitary extracts), using Wright's 
method. They reported a linear log dose-response relationship. 
Recently Shizume et al. (1954) have reported a similar in vitro 
assay method for intermedin which measures the amount of light 
reflected from isolated pieces of frog skin following treatment 
of the skin with pituitary extracts. 
Unlike Belehardek, 1-Tright and Frieden and coworkers, Shizume 
and coworkers (1954) have carried out an extensive statistical 
analysis of their data. They have also studied the effects of pH, 
temperature, heavy metals, drugs and hormones on the isolated skin 
preparations. The use .- of isolated tissues has been criticized by 
~--~~ --------
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several workers on the grounds that slight changes in temperature, 
pH, osmotic and ionic concentrations may result in positive res-
ponses whether or not the hormone assayed is present. These fac-
tors must be rigorously controlled before the method can be con-
sidered a reliable one. Shizume also demonstrated that the heavy 
metals produced expansion in 1/100 M concentrations and that sym-
pathomimetics interfered with the assay of intermedin in biolo-
gical fluids such as serum and urine. 
The use of isolated pieces of skin has also been criticized 
by Sulman (1952b) on the basis that isolated skins are one thousand 
times less sensitive to intermedin than in vivo preparations. The 
sensitivity of various methods is difficult to compare because of 
the use of different standard preparations of intermedin by the 
various workers. 
Eric Thing (1952a) reported an in vivo photoelectric 
method for quantitating melanophore responses of frogs to inter-
medin. The method is similar to the one developed by Hill, Park-
inson and Solandt mentioned previously. The amount of light re-
flected from the dorsal surface of frogs is measured photoelec-
trically before and after administration of pituitary preparations. 
Thing compared this objective method with the assay of intermedin 
using the Hogben index. Although he reported no s~atistical ana-
lysis of either method, he concluded that the Hogben index method 
produced results as reliable as those produced by the photoelectric 
method. The criticism of the use of the Hogben index has been 
presented above. Besides this, Thing used such arbitrary pro-
cedures as administering the pituitary preparations on a weight 
basis and measuring the response at two hours without proving 
their validity. A similar method w~ll be described in detail 
subsequently. 
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The measurement of reflected light has been criticized by 
some workers, as mentioned previously, because such metho~ it is 
claimed, do not measure the responses of the melanophores alone, 
but the sum total of all pigmentary effectors. Deanin and Steg-
gerda (1948), however, give evidence which indicates that the 
"melanophore expansion is apparently able to mask the reflecting 
power of the other pigments in the frog skin". In fact,the spec-
tral curve published by these authors is distinctly similar to 
spectral absorption curves of melanin . published by Edwards and 
Duntly (1939). Both curves show (in the range of 400 to 700 m p), 
an absorption spectrum which increases in linear fashion, from 
violet to red. It wouJd seem then that the major alterations in 
reflectance are due to alterations in pigment dispersed within 
the integumental melanophores. 
Another criticism of the use of photoelectric methods is 
that the amount of light reflected before injection is a function 
not only of the degree of pigment dispersion but also of the number 
of melanophores present. Such difficulties can be overcome by 
appropriate random selection of animals, and uniform treatment 
(such as light adaptation) before injection. 
Other techniques have been reported in t he past for record-
ing melanophore responses, but they have not been used in assay 
methods. These techniques consist of photographing melanophores 
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and measuring the area of individual melanophores on enlarged 
prints. Perkins and Cole (1938) plotted the percentage area in-
crease and decrease of the melanophores of Fundulus with changes 
in background. Photographs were taken with an electrically con-
trolled camera, and the rates of dispersion and concentration of 
the individual mela.nophores were determined. 
Wykes (1937) measured the dia~eters of melanophores of 
fish that had been exposed to illumination for various times, and 
then killed by immersion in boiling H2o. She plotted the mean 
diameters of 300 melanophores against the time of illumination. 
The use of such fixed preparations has been criticized by Neil 
(1940) on the basis that the boiling might affect the stage of 
melanophore pigment dispersion in species whose melanophores are 
under nervous control. He demonstrated that fixed melanophores 
do not have the same degree of pigment dispersion as unfixed 
material. 
It is apparent from the above review that no method de-
veloped for the quantitation of melanophores is accepted by all 
workers without criticism. It is felt, however, that only an ob-
jective quantitative method which permits valid statistical ana-
lysis of the data obtained, and thus presents a knovm degree of 
precision and accuracy, would be a solution to the problem of 
recording melanophore responses and assaying the melanophore stimu-
lating hormone. 
IV. Objective Method for the Measurement of Melanophore 
Responses of the Intact Frog 
Introduction 
In view of the need for an objective quantitative method 
for measuring melanophore responses which permits valid statis-
tical analysis of the data, the following method was developed. 
Principle: 
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The basic principle of the method developed is the photo-
electric measurement of the light reflected from the dorsal sur-
face of frogs before and after administration of the melanophore 
stimulating principle. With a dispersion of the pigment within 
melanophores, the green background of the frog skin is covered 
with the dark-brown or black melanin granules, and the amount of 
light reflected from the surface of the frog's skin will be less 
than when the pigment is in the concentrated state. 
Materials and Methods: 
The instrumentation employed consisted of a densitometer 
with a cylindrical brass tube with a side arm attached to the 
face of the photocell housing. A small flashlight bulb was secured 
into the side arm, and served as the source of light projecting 
onto the dorsal surface of the frog. The bulb and side arm were 
arranged so that light shone onto the surface of the frog skin, 
and did not project light up to the photocell. The intensity of 
the light was kept constant by means of a galvanometer and two 
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variable resistors. By adjusting the resistors, a reading on the 
galvanometer could be maintained constant during the period tnat 
the bulb was illuminated, insuring a constant intensity of light 
th~oughout the periods that readings were made. The line voltage 
to the light source, obtained through a transformer, was stabilized 
by means of a constant voltage transformer. 
Readings were taken by applying the cylinder to the dorsal 
surface of the frog. The cylinder was pressed tightly on the 
dorsal surface and maintained there by a clamp attached to a 
burette stand. By these means the total amount of light reflected 
from the frog's skin was measured without loss. The area on which 
the first reading is taken was recorded so that the same area could 
be measured in subsequent readings. 
Frogs (Rana pipiens) were light adapted in white enamel 
pans, and restrained in a prone position on boards. They were 
covered with moist cheese cloth in order to keep their skin moist 
and permit respiration. 
The method was developed using an Armotu~ ACTH preparation 
Lot No. 1 60311 as a source of the melanophore stimulating princi-
ple. All solutions were made in frog Ringers at a pH of 7.4 to 
7.6, and were injected into the dorsal lymph sac. A range of 
doses from 0.0064 to 64pg/frog were injected. Each experimental 
group consisted of ten frogs each receiving its dose of ACTH in a 
volume of 0.1 1nl. A total of eighteen frogs received 0.1 ml of 
Ringers solution and served as controls. Injections were made five 
minutes after an initial reading was taken. Following the injec-
tions, readings were taken every fifteen minutes for a period 
of ninety minutes. 
Results: 
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The homogeneity of all the animals wa s established by means 
of analysis of variance of the amount of light reflected from each 
frog before injection of the ACTH or Ringers solution (Table 2). 
Statistical analysis also indicated a normal distribution. 
Statistical analysis demonstra ted that there were no sig-
nificant changes in the Ringer injected frogs throughout the ex-
perimental period (Table 3). 
Time-response curves of the experimental and control frogs 
were drawn for the entire experimental period (Figure 1). Only 
the three smallest dose groups (0.0064 pg, 0.032 p.g, and 0.064 pg) 
returned to the pre-injection level during the experimental 
period (Table 4). 
REFLECTANCE DOSE 
pg/Frog %OF UNITS MAXIMUM 
93.4 15 --------------- 16.0 
6.4 
- 3.2 
38.5 20 0.64 
~32~ 0.32 
.{0.0064 
--------- ..... _ zc:: ~ 
---- --
-- • • .. -- _O..;q_~4.~ .. ·coNTROL 
-16.5 25 
0 15 30 45 60 75 90 
TIME IN MINUTES 
Figure 1. Time-response curves for experimental and control 
frogs throughout the period of observation. 
The curves for 32 and 64 pg/frog were identical with 
the curve for 16 pg/frog and are therefore omitted. 
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Table 2. Light Reflectance of Each Experimental Animal Prior to 
Administration of ACTH 
Dose in pg/frog 
0.0064 0.0,22 0.064 0.,22 0.64 ,2.2 . 6.4 16 ,22 64 
Reflectance 
Units 27 27 .31 25 28 27 28 25 28 24 
28 22 28 21 25 25 25 26 2.3 26 
22 25 26 28 26 26 24 25 22 27 
22 22 21 26 21 2.3 21 22 21 22 
25 20 24 22 24 20 22 21 27 21 
20 20 28 20 20 19 2.3 20 20 19 
21 24 23 20 22 23 22 23 22 21 
22 20 25 25 20 23 23 20 21 22 
23 25 24 26 24 21 23 23 22 27 
28 23 27 26 25 22 28 23 23 22 
Mean 23.8 22.8 25.7 23.9 23.5 22.9 23.9 22.8 23.0 23.1 
Mean reflectance 
23.5 .::f::. 0.9 S.E. 
before injection of all experimental groups 
F-Test of initial reflectance 
Variance Sums of Squares 
Between groups 77 
Within groups 1235 
F = 11.5 = 1.49 
7.7 
Degrees of Freedom 
10 
107 
p ) 0.05 
:t-Iean Square 
7.7 
11.5 
Table 3. Light Reflected from Control Animals at Various Time 
Intervals after Injection with Ringer's Solution 
Minutes after injection 
Frog No. 0 15 ,20 45 60 75 
1 28 27 25 25 25 27 
2 23 23 23 23 23 23 
3 25 25 24 26 25 26 
4 27 27 28 28 28 28 
5 20 21 20 21 21 20 
6 23 21 22 22 24 25 
7 24 23 23 24 24 24 
8 20 20 20 21 20 20 
9 20 20 20 22 20 19 
10 23 23 24 23 24 23 
11 23 23 23 23 23 22 
12 22 22 22 22 23 24 
13 23 21 21 23 24 24 
14 23 23 21 22 23 21 
15 23 23 22 22 22 23 
16 26 23 25 24 24 23 
17 27 24 22 23 25 24 
18 28 20 22 24 26 26 
He an 23.8 22.7 22.6 23.2 23.6 24.0 
A v. me an .::1::. S. E. 23.3 ='= 0.6 
F-test 
90 
26 
23 
26 
29 
20 
23 
24 
18 
20 
22 
22 
23 
25 
23 
23 
24 
25 
27 
23.5 
Variance Sum of Squares Degrees of Freedom Mean Square 
Between means 
Within means 
27 
523 
F - ..2..:_4 = 1.1 
5.1 
5 
103 
p > 0.05 
5.1 
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Table 4· Mean Reflectance at Each Time Interval Before and After 
Injection 
Dose Minutes 
)lg/frog Before 
Injection Minutes After Injection 
2 15 .20 42 60 72 20 
Control 23.8 22.7 22.6* 23.2 23.6 24.0 23.5 
0.01 23.8 21.2* 21.5 22.0 22.5 22.5 23.0 
0.05 22.8 21.3 21.0* 21.7 22.2 22.7 23.0 
0.1 25.7 21.9 20.7* 21.2 22.0 22.7 23.0 
0.5 23.9 20.5 19.4* 19.6 19.9 20.6 21.3 
1.0 23.5 20.3 18.0 17.6* 18.6 19.1 19.4 
5.0 22.9 19.5 17.6 16.6* 16.7 16.7 17.1 
10.0 23.9 19.1 16.7 15.9 15.6* 15.6* 15.7 
25.0 22.8 17.9 16.2 15.3 15.0 14.6* 15.0 
50.0 23.0 18.9 16.7 15.7 14.8 15.0 14.7* 
100.0 23.1 18.2 16.0 15.4 15.0 14.8 14.4~-
* Peak mean response 
The theoretically best measure of respmnse is the maximum 
or peak-response to a given dose (Landgrebe and Waring 1950). The 
peak-response is the minimum reflectance (corresponding to the 
maximum darkening of the frog) observed during the experimental 
period (Table 5). 
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Table 5. Peak-response (uncorrected minimum reflectance) 
ACTH }lg/frog 
Control 0.0064 0.0;22 0.064 0.;22 0.64 l·2 6.4 16 ;22 6/J: 
Reflec- 25 22 24 20 22 20 18 15 17 17 16 15 
tance 23 22 21 23 20 21 18 15 15 13 15 15 
Units 24 21 21 19 19 20 17 16 14 16 13 14 
27 21 22 22 19 19 15 17 16 15 13 12 
20 22 19 18 21 15 18 14 13 12 16 12 
21 23 20 17 16 20 14 l4 17 11 14 15 
23 22 21 21 20 19 19 16 14 17 13 15 
18 20 19 23 20 20 17 18 14 17 13 13 
19 20 22 22 16 21 15 15 13 15 16 
22 22 21 20 19 18 18 16 13 15 14 
Mean 21.9 20.9 20.6 19.9 18.9 17.5 15.8 15.3 14.3 14.3 14.1 
Sums of 
Sq. 77 21 38 27 33 34 20 20 50 14 21 
S. D. 2.1 1.6 2.1 1.7 2.2 1.9 1.5 1.4 2.5 1.3 1.6 
It was desirable to find out whether there was any dependence 
of the peak-response on the reflectance before injection. Covariance 
analysis showed that there was a small but significant dependence of 
the peak response on the reflectance before injection (be= 0.396). 
Using this covariance, the means, sums of squares, and standard 
deviations for each experimental group were corrected. An overall 
increase in precision of 35% was obtained by adjusting for co-
variance (Table 6). 
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Table 6. Covariance Analysis of the Dependence of Peak-response (p) 
on the Initial Reflectance Before Injection (c) 
Source of 2 Va1:~ce o1 2 
Variation Sc Scp Sp Sp D.F. pc F c p 
Between doses 70 101 675 606 9 67.3 33.5 (O.OOJ 
Random Sampling 
(error) 631 250 27$ 
Total 701 351 953 
Coefficients 
b 2 for adjusting 
-2bc l 
sp2 o:157 -0.792 
be = ~ - 0.396 -3 
The variance of error: 
Before covariance 12.78 
90 
After covariance 179 
89 
= 2.&2. - l. 53 
·2.01 
p < 0.05 
179 $9 2.01 
98 
- 3.09 
-
- 2.01 
-
It was also desirable to know whether the peak-response was 
independent of the animal's weight in the range of weights used in 
the experiments reported. The weight of the animals ranged from 14 
to 45 grams with a mean and standard deviation of 28.4 ~ 7.0 grams. 
Covariance analysis showed that the peak-response was independent 
of the animal's weight in the weight range used. There is, 
therefore, no valid reason for administering the dose of ACTH on 
a '\>reight basis as Thing (l952a) did (Table 7}. 
Table 7. Peak-response (Minimum Reflectance Values Corrected 
for Initial Reflectance) 
0.0064 0.032 
ACTH p.g/ frog 
0.064 0.32 0.64 3.2 6.4 16 32 
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64 
Mean 20.8 20.9 19.0 18.7 17.5 16.0 15.1 14.6 14.5 14.3 
Sums of 
Squares 19 19 12 18 14 
S. D. 1.5 1.5 1.2 1.5 1.3 
Formula for Correction: 
Means 
Mean = ..£:2c 
n 
s. s. Sp 2 
c 
Sp - b (S - Sc) c c 
b 2 -2 c Sc - 2 b 
6 
0.9 
+ 
17 
1.5 
-2 Sp 
46 8 19 
2.4 1.0 1.5 
Comparison of the means of the peak mean-responses of the 
control group and experimental groups revealed no statistical 
difference between mean peak-responses of the 0.0064 pg and 0.032 pg 
from the control group. The mean peak-response of the 0.064pg/frog 
was found to be significantly .different from the control group. The 
peak-responses of the groups receiving 16, 32 and 64~/frog were found 
not to be statistically different. We, therefore, took the mean peak-
response of these doses to indicate the maximum response under these 
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conditions. The mean and standard deviation of the maximum response 
was 14. 5 :/:_ 1. 7 • 
Bartlett's test was applied to variances (corrected for co-
variance) of the dose groups of 0.06/+ ).lg to 6.4 pg/frog inclusive. 
It indicated homogeneity of the variances (chi2 = 8.15; P > 0.1). 
The log dose-response regression line was computed between 
the doses of 0.064 and 6.4 pg/frog (Figure 2). The equation of the 
line is Y = 17.0 - 2.04 Log X. Analysis of variance of the dose-
x 
response regression line (Table 8) indicated that the calculated 
log-dose response line fits the data well, and a high degree of con-
fidence can be attached to the dose-response regression line. 
Table 8. Analysis of Variance of the Dose-Peak-Response Regression 
Line 
Sums of Sguares D. F. Variance F. p 
Total 304 49 
Linear Regression 166 4 41.5 50 < .001 
Days 113 15 7.5 9.0 (.001 
Deviation from 
Regression 0 
Error 25 30 0.83 
%OF 
MAXIMUM 
100 
94A 
83.3 
72.2 
61.1 
50.0 
38.9 
27.8 
REFLECTANCE 
UNITS 
14 
15 
16 
17 
18 
19 
20 
21 
0.0064 
0 
Yx = 17.0-2.04 Logx 
JX = 722 + 22.7 Logx 
0 
0.032 0.064 0.32 0.64 3.2 6.4 16 32 64 
DOSE .,.ug I Frog 
Figure 2. Log dose-peak-response regression line. 
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Using the maximum response (14.5) and the mean reflectance 
before injection (23.5) the response of each dose group was ex-
pres sed as per cent of the maximum difference (9.0). The equation 
of the line transf ormed as per cent of maximum is Y = 72.2 ~ 
X 
22.7 log X. 
Similar statistical procedures were earried out with the one-
hour responses of all frogs. The uncorrected values are given in 
Table 9. 
Table 9. Light Reflectance One Hour After Injection 
ACTH ;ug/frog 
Control 0.0064 0.022 0.064 0.,22 0.64 ,2.2 6.4 16 ,22 64 
Reflec- 26 25 24 24 25 21 21 19 17 13 17 16 
t ance 24 23 23 22 21 16 17 15 17 14 13 13 
Units 22 23 22 23 20 22 20 20 14 18 13 18 
24 23 21 21 22 19 16 17 14 18 14 17 
20 24 21 19 24 22 18 14 18 12 17 13 
20 24 20 20 20 16 15 14 13 12 13 13 
24 21 23 25 20 19 20 20 16 16 16 15 
28 23 22 21 21 20 18 16 15 14 13 14 
25 23 23 25 23 22 20 16 15 16 16 15 
25 27 22 24 22 21 16 17 17 16 16 
Mean 23.6 22.6 22.2 22.0 19.9 18.6 16.7 15.6 1 5.0 14 .8 15.0 
Sums of 
Squares 68 34 38 ' 32 51 40 46 24 48 28 28 
S. D. 2.0 2.1 1.2 1.9 2.4 2.1 2.3 1.8 2.3 1.9 1.8 
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The covariance analyses for reflectance before injection (Table 10) 
indicated a dependence upon initial reflectance (be= 0.442). 
Table 10. Covariance Analysis for Dependence of the One-Hour-
Response (h) on the Initial Reflectance (c). 
Adjusted h2 
-2 Sch 
_2 
Shc2 Source of variation Sc Sh D.F. Var. F. 
Between doses 70 126 939 866 9 96.2 35.0 
Random sampling 
(error) 631 279 369 245 89 2.75 
Total 701 405 1308 98 
Coefficients for b2 -2b 
-2 
- 0.884 Adjusting Sh 0.195 1 
b - 2:.7J.. 0.442 - = 
631 
The variance of error: 
Before Covariance 369 - 4.10 
-90 
F = ,&.10 - 1.49 
-After Covariance ~ - 2.75 2.75 
-89 
p < 0.05 
p 
O.OOJ 
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The adjusted values £or covariance are found in Table 10. 
Table 11. Reflectance at One Hour (Corrected for Initial Reflectance) 
ACTH pg/frog 
0.0064 0.032 0.064 0.32 0.64 3.2 6.4 16 32 64 
Mean 22.5 22.5 21.0 19.7 18.6 17.0 15.Jr 15.3 15.0 15.2 
S1..1ms of 
Squares 18 15 32 28 22 25 20 44 13 26 
S. D. 1. 5 1.4 2.0 1.8 1.7 1.8 1.6 2.3 1.3 1.8 
The one-hour response was found to be independent of body weight. 
The response to 0.0064 and 0.032 )lg/frog vrere not significantly 
different from the response of the control group measured at the 
one hour interval, while the re sponse to 0.064 pg/frog was signif i-
cantly different. 
Bartlett's test showed a homogeneous variance for the dose 
group 0.064 to 6.4~/frog inclusive (chi2 = 1.01. P) 0.5). Con-
sequently, the dose response regression line was computed between 
the dose s of 0.064 and 6.4~/frog inclusive (Figure 3). The equa-
tion of this line was found to be Yx = 18.1 - 2.73 log X. The 
maximum response at one hour (15.2) was computed as above, since 
no significant differences were found in the response to 16, 32, or 
64~/frog. In this case the maximum difference (compared tore-
flectance before injection 23.5) is 8.3. Thus, the one-hour log 
dose-response line expres sed a s per cent of maximum becomes: 
REFLECTANCE 
UNITS 
%OF . 15 
MAXIMUM 
90.4 16 
78.3 17 
62.2 18 
54.1 19 
42.0 20 
29.9 21 
17.8 22 
0 
0 
0 
-Yx = 18.1-2.73 Log. X 
JX = 60.0 + 329 Log.x 
. 
5
·
7 23 0.0064 0.032 0.064 0.32 0.64 3.2 6.4 16 32 64 
OOSE Pg I Frog 
Figure 3. Log dose-one-hour-response regression line. 
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= 60.0 -1- 32.9 log X. The analysis of variance of the dose-
one-hour-response regression line is presented in Table 12. 
Table 12. Analysis of Variance of the Dose-Hour-Response Regression 
Line 
Sums of Sguares D. F. Variance F p 
Linear Regression 190 1 190 67.4 < 0.001 
Deviation from 
Regression 4-3 3 1.43 0.51 < 0.005 
Random Sa.m)ling (error 127 45 2.82 
--
A comparison was made between the dose-response regression 
line of the peak-response versus the regression line of the one-
hour response. The results are summarized in Table 13. 
Table 13. Comparison Between Peak-Response and One-Hour Response 
Slope s. D. of Slope Variance of Precision 
bx error Ve index 7'-
Peak-response 2.04 -0.59 0.83 0.}:.5 
One-Hour-Response 2.73 -0.33 1.97 0.51 
Variance Ratio F 2.37 
p (0.05 
This comparison shows that the variance of error of the one-hour 
response is significantly greater than the variance of error of 
the peak-response. 
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The above would suggest that the peak-response is a more 
accurate estimate of the response. However, since the slope of the 
regression line of the peak-response is smaller than that of the 
one-hour response, the· precision index of the one-hour-response, 
which is an indication of the overall precision of the dose-response 
regression line, is not significantly different from that of the peak-
response. Moreover, the r- at one hour has been found to be con-
stant over a period of time (Section VI). 
It would seem then that while theoretically the peak-response 
is the best measure of response, and in fact it is the measure which 
gives the smallest variance of error, for purposes of assay where 
the overall precision of the dose~response line is of importance, 
the peak-response would be expected to give no more accurate re-
sults than the response measured at one hour follo1nng injection. 
Discussion: 
The method described here is an objective method for quanti-
tation of melanophore responses of intact frogs. The data have been 
analyzed ~dth valid statistical procedures taking into consideration 
all the known variables, and correcting for them. 
According to the criteria for the best measure of response 
set forth by Gaddum (1931), and Bliss and Cattel (194.3), the method 
must provide: 
1. A linear relationship over the widest possible range. 
The present method apparently meets this criterion since 
it gives a linear relationship over a hundred fold range 
of doses. 
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2. A standard deviation independent of response. This is 
true of the present method, the variance being homogeneous 
over the range of doses. 
3. A minimal value for the index of precision (lambda). 
The index obtained here compared well with those published 
for the variety of assay methods by Bliss and Cattel (1943). 
The main advantage of the method presented here is that it 
provides objective, quantitative measurements which can be treated 
statistically, so that their variability may be analyzed and their 
precision estimated. This gives the results a certain known de-
gree of accuracy which is not found in any of the methods pre-
viously described for the measurements of melanophore responses. 
V. Melanophore Expanding Activity of Anterior and Posterior 
Pituitary Preparations 
Following the determination and analysis of the standard 
curve, it was desirous to test the reliability of the photoelectric 
method as an assay method by determining the potency of solutions 
of the Armour ACTH preparation. These solutions were prepared in 
concentrations unknown to the persons carrying out the assays. 
Pilot experiments were carried out in order to determine 
the approximate range of potency and to establish the doses uti-
lized in the assays. Four point balanced assays were carried out 
with dose groups ranging from five to fifteen animals. All solu-
tions were made in 0.25 per cent acetic acid. Doses were adminis-
tered in the dorsal lymph sac, and reflectance measurements were 
made every fifteen minutes for sixty minutes. 
Three such assays were performed. The data were analyzed 
by the method that has been described for the standard curve. The 
potency of the unknown solution was determined by comparing its 
dose-response regression line with tha t of the standard ACTH re-
gression line obtained simultaneously. 
A summary of the three assays of unknown solutions is pre-
sented in Table 14. 
Table 14. Assay of Unlmown Soluti.ons of Armour ACTH 
No. of .Animals Determined Potency ).lg/m.l Actual* % 
with 95% Confidence Limits 
No. 
1 
2 
3 
per Dose Group 
5 
5 
12. 
11.6-7. 5) 
52.8-28.3 
2.8-17.6 
Potency Error 
.ug/m.l 
13.2 25 
37.8 3 
28. l 
* Actual potency signifies the concentration of ACTH in the solution 
presented for assay. 
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Dr. E. B. Astwood kindly provided four preparations of ACTH 
for assay of their melanophore stimulating activity. These prepara-
tions were prepared according to the method of Raben et al. (1952). 
One semi-pure corticotrophin preparation whose potency as measured 
by Sayer's ascorbic acid depletion method was 80 I.U. per mg was 
purified by the oxycellulose method af Payne et al. (1950). A 
purified ACTH preparation obtained by fractionation of the crude 
corticotrophin between butanol and acetic acid was also provided. 
The assay of this preparation in terms of its ascorbic depleting 
activity was approximately 200 I.U. per mg. The third preparation 
was the fraction of corticotrophin soluble in acetic acid. Its 
ascorbic acid depleting potency had not been determined, but pre-
vious preparations obtained by the same methods had little ascorbic 
acid depleting activity. The fourth preparation provided was 
semi-pure corticotrophin treated with 0.1 N NaOH for 45 minutes 
and then neutralized with HCl. This treatment is kn.o·Hn to poten-
tiate the melanophore stimulating activity of pituitary preparations. 
As in the previous work, pilot experiments "'rere carried out 
to estimate the potency of the preparations and to select the doses 
to be administered for the assay. Four point balanced assays were 
performed with ten animals per dose group. The preparations were 
made in 0.25 per cent acetic acid and administered in a volume of 
0.1 ml injected into the dorsal lymph sac. Reflectance measure-
ments were taken every 15 minutes for 60 minutes. In addition, 
five animals of each group receiving the large dose of each prepara-
tion were observed for ninety minutes in order to obtain data for 
time-response curves. 
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The data were analyzed according to the method of Bliss 
(1951). The restlits of these assays are summarized in Table 15. 
Table 15. Assay of ACTH Preparations 
Preparation 
Standard 
Corticotrophin 
ACTH (Butanol Fraction) 
Intermedin (Acetic Acid 
Fraction) 
Alkali Potentiated 
Corticotrophin 
Potency Ratio 
1 
2.04 
0.21 
1.62 
6.34 
95% Confidence Limits 
2.77-1.49 
0.29-0.15 
2.20-1.20 
8.6-4.6 
There appears to be a concentration of melanophore stimulating 
activity in the acetic acid fraction. These results agree with 
those obtained by Astwood and coworkers with respect to the distri-
bution of the melanophore stimulating principle when fractionated 
by their method. However, the results do not reveal a 400 fold 
purification of the ACTH reported by these workers. The increase 
in potency of the melanophore stimulating principle after alkali 
treatment agrees with results of other workers (Waring and Land-
grebe(l943) and Reinhardt et al. (1952)). The time-response 
curves of the preparations are presented in Figure 4. 
The curves of the Armour standard, corticotrophin, ACTH, 
and intermedin are similar in form. The time-response curve of 
the potentiated corticotrophin agrees with those of other workers 
(Landgrebe and Waring 1950). The responses of melanophores to alkali 
treated preparations is maintained over a long period of time. 
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Following the assays of the melanophore stimulating activity 
of the preceding ACTH preparations it was desirous to determine the 
melanophore stimulating activity of posterior pituitary prepara-
tions. Three such preparations were obtained from Parke-Davis and 
Company, Detroit, Michigan. One was a dessicated pos t eri or pitui-
tary povroer equivalent in potency to the USP posterior pituitary 
standard. The other two preparations were Pitressin (alpha hypo-
phamine) P. D. and Co. a..11cl Pitoci n (beta hypophami ne) P. D. R.n.d Co . 
Four point balanced asse.ys ivere carried out, as described 
previously, with ten animals per dose group for the assay of Pitres-
sin and the posterior pituitary powder. Pilot experiments indi-
cated that Pitocin vras very low in melanophore stimulating potency. 
It was also found that 500 )lg was the maximum that could be tolera-
ted by the animals. This dose was administered to 5 animals~ and 
their responses were compared to those of the animals receiving the 
standard Armour ACTH preparation. 
An amount of Chlorbutanol equivalent to that administered 
1nth Pitressin and Pitocin was administered to ten frogs who 
served as controls. 
The results of these assays are presented in Table 16. 
Table 16. Assay of Posterior Pituitary Preparations 
Preparation 
Standard 
Posterior Pituitary Powder 
Pitressin 
Pitocin 
Potency Ratio 
1 
0.10 
0.34 
0.001 
95% Confidence Limits 
(0.073-0.136) (0.25-0.46) 
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They indicate that the Pitressin fraction of posterior pituitary 
hormone is more potent in melanophore stimulati~ activity t han is 
the Pitocin fraction. This work confirms results reported by 
Hogben and Gordon (1930). 
In order to determine 'vhether the responses of the frogs 
varied with the time of year, six log dose-response curves of the 
standard Armour ACTH prepar a tion -vrere obtained between the months 
of March 1954 and August 1954 and -vrere compared 1-rith respect to 
slope, standard deviation and ?-- • The results are presented 
in Table 17. 
Table 17. Slopes, S. D. and ?\.. of Standard ACTH Preparation 
(March 1954 - August 1954) 
Month b s~ D. ,.,..... 
Iv!arch 2.7 1.4 0.51 
April 3.5 1•6 0~44 
Hay 4.5 1~5 0.34 
May 6.5 2•1 0.32 
May 3•7 1.2 0.33 
August hl 1.d:__ 0.42 
Mean 4.0 1. 5 0.39 
s. D. 1.3 0.31 0.07 
Bartlett's test indica ted a homogeneity of the variances of 
the standard preparations over the period of time considered. The 
slopes e~d ~ appear to be constant for this period. 
It is concluded from the experiments in which the potency 
of unknown solutions were determined, tha t the photoelectric method 
is reliable as an assay of the melanophore stimulating activity of 
pituitary prepar a tions. An average per cent error of 14% is within 
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the general range of acc~ITacy of other biological assays. 
It is concluded from observations of the dose-response re-
gression lines, and the time-response curves of the Armour standard, 
and the corticotrophin, ACTH, and intermedin preparations of Astwood 
that the hormones assayed 1-rere qualitatively the same. No signifi-
cant differences in the slopes of the dose-response regression lines 
were observed. The same conclusions apply to the preparation of 
Pitressin and posterior pituitary po1-mer. 
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VI. The Effects of Drugs on the Melanophores of the Intact Frog, 
and the Melanophore Responses to a Standard Dose of ACTH 
Corona and Morani (1898) reported that injection of an adre-
nal gland extract into a frog resulted in a rapid blanching of its 
skin. This work was confirmed by Lieben (1914). Stoppani (1942) 
concluded that the adrenalin of the adrenal glands was the main 
factor producing the blanching of frogs. Since the work of Corona 
and Morani many workers have observed the color changes of frogs 
and toads following the administration of a wide variety of drugs 
and hormones. 
Hogben and Winton (1922) reported that apocodeine and nico-
tine darkened the pale frog. The frogs remained pale on receiving 
injections of pilocarpine, atropine, strychnine, curare, hist~mine, 
ergotoxine, tyramine, veratrine, digitalis, barium chloride, sodium 
nitrite, and caffeine. In another group of experiments they re-
ported that tyramine, ergotoxine, caffeine, and cocaine blanched 
the dark frog, while histamine, barium chloride, sodium nitrite, 
strychnine, and digitalis had no effect. 
Houssay and Ungar (1925) demonstrated that twenty-four hours 
after hypophysectomy in frogs (Leptodactylus occellatus ~.) Gir.), 
the darkening response normally following injection of veratrine, 
strychnine, and caffeine is absent, and suggested that the melano-
phore pigment dispersing action of these drugs might be mediated 
by stimulation of the pituitary to release the melanophore stimula-
ting hormone. 
Shen (1939) compared the effects of many subcutaneously ad-
ministered drugs on the melanophores of intact and hTpophysectomized 
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frogs (Rana temporaria). He found that 10-15 mg of diallylbarbituric 
acid and large doses of other barbiturates produced an intense and 
prolonged darkening of the skin of normal pale frogs, but not of 
hypophysectomized frogs. Chloretone and yohimbine also dispersed 
the pigment in melanophores of the intact pale frog. These drugs 
were called pituito-tropic substances. Another group of drugs: 
ether, chloroform, amyl nitrite, and F933 were referred to as non-
pituita-tropic substances, since they dispersed the pigment in 
melanophores of the hypophysectomized frog. 
Stoppani (1942) studied the effects of drugs on the melano-
phores of intact and adrenalectomized toads (Bufo arenarum) and 
frogs (Leptodactylus ocellatus (1.) Gir.). He reported t hat F933, 
veratrine, atropine, and nicotine darkened the hypophysectomized 
toad, and also demonstrated that the adrenal glands were necessary 
for t he paling action on the color of the normal toa d produced by 
calcium, nicotine, cocaine, and ephedrine. 
In all the studies of the effects of drugs on the melano-
phores of amphibia that have been carried out to date, very large 
doses of drugs have been administered. Doses of 10 mg of atropine 
or 10 mg of acetylcholine to 100-150 gram toads or 50-80 gram 
frogs are very l arge in comparison -vrith the doses normally adminis-
tered to man and animals. 
The follow~ng study was carried out for the purpose of 
determining the effects of a series of drugs on the melanophores 
of intact frogs and on the melanophore responses to a standard 
ACTH preparation. If the photoelectric method of assaying the 
melanophore stimulating principle were to be used to detect and 
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quantitate this principle in blood and other body fluids, it would 
be important to know whether drugs are capable of interfering vdth 
responses of melanophores. A submaximal dose of the Armour ACTH 
prepara tion (0 •. 4 )lg per frog) was administered so that any potentia-
ting or inhibiting effects of the drugs could be observed. 
Intact light adapted frogs were restrained on boards as 
described previously. Control light reflectance measurements from 
the dorsal surface of the frog were made, and the drugs administered. 
A group of frogs received 0.1 ml of 0.25% acetic acid, and served 
as controls. Thirty minutes follow~ng the administration of the 
drugs or acetic acid the reflectance was measured ag ain to deter-
mine the effects of the drugs on the melanopheres of the frogs. 
Following this, 0.4~ of ACTH was administered to each frog. Re-
flectance measurements were taken sixty minutes after the adminis-
tration of the standard ACTH preparation. All drugs and the ACTH 
standard were prepared in 0.25% acetic acid. 
The following drugs were administered in a volume of 0.1 ml 
injected into the dorsal lymph sac: 
1. N-9-Fluorenyl-N-ethyl-2 Chlorethylamine HCl (Parke, 
Davis SY-21) 1.0 mg/frog 
2. Dimethylaminoethyl benzhydryl ether HCl (Benadryl) 
l.O mg/frog 
3. Histamine Diphosphate 0.5 mg/frog as t he base 
4. Atropine sulfate 1.0 mg/frog a s the base 
5. Epinephrine (suprarenin bitartrate) 1.0 mg/frog and 0.1 
mg/frog as the base 
-----------
6. Tetraethylammonium Bromide 0.1 mg/frog 
7. Phenobarbital Sodium (Luminal) 0.1 mg/frog 
8. Methacholine Chloride (Mecholyl) 0.1 mg/frog 
9. Compound 48/80, Condensation of an alkoxyphenylamine 
with formaldehyde 20pg/frog 
Results: 
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The mean starting reflectance, the mean reflectance one half 
hour after administration of the drug or acetic acid, and the mean 
reflectance one hour after administration of 0.4pg/frog of the 
standard Armour ACTH preparation are presented in Table 18 with 
their standard deviations. Paired data analyses were performed in 
order to determine whether there were significant changes in the 
light reflectance after administration of the drug and after ACTH. 
The mean reflectance of the controls at one half hour was 
not significantly different from the mean starting reflectance. 
The mean reflectance of these animals one hour after ACTH was sig-
nificantly different. 
The drugs may be divided into two groups, one of which pro-
duced a significant darl~ening one half hour after administration. 
This group is composed of the following drugs: SY-21, 1 mg/frog; 
Benadryl l mg/frog; Benadryl 0.1 mg/frog; atropine sulfate 
1 mg/frog (base); epinephrine 0.1 mg/frog (base); 48/80 20~/frog; 
Mecholyl 0.1 mg/frog; and Luminal 0.1 mg/frog. 
The other group of drugs did not produce a darkening one 
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half hour after administration. However, the reflectance of these 
animals was found to be significantly different from the mean start-
ing values one hour after administration of the ACTH. This group 
consists of histamine diphosphate 0.5 mg/frog (base); epinephrine 
l mg/frog (base); and tetraethylammonium bromide 0.1 mg/frog. None 
of the drugs studied blocked the response of the melanophores to ACTH. 
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Table 18. Reflectance Before and After Administration of Drugs 
and ACTH 
Drug Dose per No. per Mean Start. Mean Half- Hean One-Hour 
Frog Group ::1:. S. D. Hour After 0. 4 )lg 
::1:. s. D. ACTH per Frog 
·s. D. 
Control ----- 7 21~3 20.2 17.0 
0.02 1.3 1.6* 
Histamine 0.5 ~ Diphosphate (base 5 22~2 20~2 17.6* 
2~6 2.8 1~8 
SY21 lmg 5 21~5 18~1* 16.7 
0~86 1~7 0.86 
Benadryl 1mg 6 27~6 25.6* 25~2 
2.0 1.5 1.1 
Benadryl 0.1 mg 5 22 20.4* 18~2 
2.1 1. 5 2.9 
Atropine lmg 
Sulfate (base) 5 22.5 18~2* 16~8 
2.1 1.3 1.4 
Epinephrine lmg 
(base) 4 22.5 20~9 20 ~ :3~-
2.1 2.1 2.5 
Epinephrine 0.1 ~ (base 5 21~4 19.7* 19.9 
0~87 1~1 2~1 
48/80 20 )lg 8 23~1 22~3* 21~9 
1.6 2.0 2.0 
Tetraethyl-
ammonium 
Bromide 0.1 mg 5 22 20.8 19~1* 
2.5 0.86 1.7 
Methacholine 
Chloride 0.1 mg 5 23~0 19~5* 17.2 
1.2 1.5 1.7 
Sodium 
Pheno-
barbital 0.1 mg 5 22.8 21~2~E- 19.6 
2.1 1.7 1.8 
* indicates significant difference from start. p ( 0.05 
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Discussion: 
Some of the results obtained in these experiments agree 
with those of previous workers. The darkening produced by atropine 
has been reported by Houssay and Ungar (1925) and Stoppani (1942). 
The results do not agree w~th Hogben and Winton (1922b) and Shen 
(1937) who reported no effect of atropine on the light adapted 
frog. The darkening produced by SY21, an adrenergic blocking drug, 
has been reported by Shen (1937) who used a similar drug, F933 
(piperidine-methyl-3-benzodioxane). 
The darkening produced by the sodium phenobarbital agrees 
with the results of Shen (1937) and Stoppani (1942). The darkening 
produced by mecholyl agrees with the results obtained by Houssay 
and Ungar (1925) who reported a darkening of the South American 
frog (Leptodactylus) folloh~ng injection of acetylcholine. 
A possible explanation for the differences in response to 
the t~ro concentrations of epinephrine might be a stimulation of the 
pituitary to release the melanophore stimulating principle by the 
small dose (0.1 mg/frog) of epinephrine. The large dose ( 1 mg/ 
frog) may have blocked the release of the melanophore stimulating 
hormone from the pituitary, but not the effects of the melanophore 
stimulating principle injected. Pickford (1952) has demonstrated 
that epinephrine is capable of blocking the release of the antidiu-
retic hormone from the posterior pituitary of dogs. Hogben and 
Winton (1922), Parker (1938) and several other ~rorkers have re-
ported the melanophore pigment concentrating effects of epinephrine. 
The failure of histamine to produce darkening agrees with 
.. 
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the results of Hogben and Winton (1922). 
The response to 48/80 may possibly be due to stimulation of 
the pituitary gland to release the melanophore stimulating principle 
or to a direct effect of 48/80 on the melanophores. The same is 
true for Benadryl. Further work must be carried out with hypo-
physectomized frogs in order to localize the site of action of 
these drugs. 
VII. Qu.antitation of the Melanophore Responses of Isolated 
Frog Skins 
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Wright (1948) described an in vitro method for the detec-
tion of the melanophore stimulating hormone using isolated frog 
skin. He reported that one hour after removal from a dark adapted 
animal, the melanophores of the skin would be punctate, and the 
pigment would remain in the concentra ted state as long as the skin 
was kept in Ringer's solution. Upon the addition of pituitary ex-
tracts, the pigment within the melanophores was found to disperse. 
Wright immersed the skins in Ringer's solution containing various 
concentrations of the pituitary extracts, and mea sured the cha~e 
in light transmission through the skin by means of a colorimeter. 
He found that the degree of dispersion of the melanin pigment de-
pended upon the concentration of the pituitary extract in the medium. 
Frieden, Fishbein and Hisaw (1948) described an in vitro 
method for the bioassay of intermedin using Wright's method. The 
responses of each skin was expressed as a ratio of two responses. 
A series of skins was subjected to various dilutions of pituitary 
extracts and the change in light transmission recorded. All skins 
were then subjected to a standard concentra tion of extract and the 
difference between the second transmission and the original trans-
mission recorded. They found that the r a tio of the first response 
(~.)to the second response (A~) was proportional to the log 
of the concentration of the first dose. 
Recently Shizume, Lerner and Fitzpatrick (1954) have described 
a similar in vitro bioassay method for intermedin. Their method 
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consists of photoelectric measurement of the light reflected from 
isolated frog skins before and after the administration of two 
doses of pituitary extracts as described by Frieden et al. (19~.8). 
Shizume et al. obtained a linear relationship when the ratio of 
the two responses was plotted against the log of the first concen-
tration. They reported that an increase in the salt concentration 
to about 1.25 times that of Ringer's solution decreased the effect 
of intermedin, and that the pH of the solution must be kept above 
6.5 because of a dispersion of the melanin pigment in Ringer's 
0 
solution below this pH. A temperature range between 20-25 C was 
found to be optimal for the method. A number of metals were found 
to disperse pigment within melanophores. Acetylcholine, atropine, 
and histrutrlne neither dispersed the pigment in melanophores nor in-
hibited their response to intermedin. 
The following study was carried out in order to compare the 
sensitivity of the responses of intact frog melanophores with those 
in isolated frog skin to the same standard Armour ACTH preparation. 
Because the methods of preparation of pituitary extracts differ 
widely in various laboratories, it was felt that only a comparison 
of the tvro methods using the same preparation would be a true test 
of the sensitivity and reliability of the two methods. An in vitro 
method similar to that of Wright (1948) was employed. 
Materials and Methods: 
Frogs (Rana pipiens) were pithed, and the skins of both legs 
removed and placed in Ringer's solution pH 7.13. The skins were 
mounted between two strips of plastic. By means of four pins the 
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skins could be stretched over an 18 mm hole in the plastic strips 
and held in place so that the light transmission through the 
same area was measured throughout the experiment. 
It was found that the Ringer's solution had to be changed 
t1-Tice at t"\-renty minute intervals follm-ring the removal of the 
skins from the frog. If this was not done, the pigment "\-rithin 
the melanophores dispersed after a short period of concentration. 
A transmission value of 25 on the densitometer was chosen as the 
minimum transmission that would be allowed as a starting point. 
The pigment was considered maximally dispersed if, after the pre-
liminary washings, two transmission measurements taken fifteen 
minutes apart 1-rere not different by more than two units. 
Follol-Ting the control measurements a range of concentra-
tions of the Armour ACTH preparation was added, and transmission 
measurements taken 10, 20 and 40 minutes later. After the 40 
minute measurements, the skins were washed tl-dce at 15 minute in-
tervals 1-Tith Ringer's solution. Transmission measurements were 
then recorded and a standard concentration of the Armour ACTH 
preparation was added to all the frog skins. Measurements were 
made 40 minutes after administration of the standard concentration. 
Groups of ten isolated frog skins received a range of con-
centrations of 0.001 ).lg/ml to 0. 50 p.g/ml in a total volume of 30 ml. 
The experiments vere carried out in two series. One series of 
skins was subjected to concentrations of 0.001, 0.005, 0.025 and 
0.125 )lg/m.l. A dose of 0.025 ..ug/ml was used as the standard for 
this series. The second series of skins was treated ~dth doses 
of 0.125~ 0.250 and 0.50 ~/ml. The standard dose employed for 
this series was 0.250pg/m.l. Groups of skins were placed in 
Ringer's solution and served as controls. 
Results: 
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The results of these experiments are presented in Table 19. 
Mean starting values, mean transmission me~surements forty minutes 
after administration of the first dose of ACTH~ and mean trans-
mission measurements forty minutes after administration of the stan-
dard doses of ACTH are presented in columns one, two and th~ee res-
pectively, along with their standard deviations. Tbe fourth column 
contains the mean ratio A~- of the difference between the res-
ponse to the first dose and the starting measurement ( ~, ) and 
the difference betl·reen the response to the standard dose and the 
starting measurement ( A~ (analysis similar to that of Frieden 
et al. (1948)). 
The results expressed as .,c..~.,._ do not agree with those of 
Frieden et al. (1948) or Shizume et al. (195Jj.). Frieden et al. have . 
reported a mean of 0.95 ~ 0.04 when frog skins were sub-
jected to the same concentration of pituitary extract that was used 
for the standard concentration. In our studies the response to the 
dose of 0.025 )lg/ml the second time was 1.7 times as great as the 
first response to that dose. The group in the second series recei-
ving the standard dose of 0.25 pg/ml responded 1.3 times greater the 
second time. Thus, the variability was increased by expressing the 
response as the ratio of ~~~~ 
It was decided, therefore, to use the difference of the 
transmission measurement at ea ch time interval from the starting 
transmission as the response (Table 20). 
Table 19. Means and Standard Deviation of the Starting, Forty 
Minute Transmission Measurement, and Mean A , /_ 
/61. 
Series l Dose pg/ml Start Responses 
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40 Minute Standard 
Res32onse 0.022 ::'QgLml 
.c.~ .._ 
.001 32.3 28.1 24-4 0.53 
4.6 5.3 3.9 .23 
.005 32.4 29.3 24.2 0.34 
6.9 5.6 5.6 0.52 
.025 34~1:. 30.8 28.5 0.59 
7.7 5.3 6.1 .30 
0.125 36.5 22.2 25.0 1.71 
8.4 10.0 7.1 1.01 
Control 32.7 31.3 
8.9 5.8 
- - - - - - - - - - - - - - - - - - - - - - - - - -
Series 2 
0.125 40.5 27.1 24.3 0.81 
4-1 8.7 9.2 0.16 
0.250 38.6 . 21~0 18.1 0.73 
2 • .q. 4-9 7.0 .34 
0.500 40.3 21.0 20.3 0.97 
Controls 43.0 41~0 
7.8 7.4 
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Table 20. l\fean Responses a t Forty Minutes (Differences from Start) 
Dose pg/ml 
0.001 0.002 0.022 0.122 0.122 0.220 0.200 
Mean 4-3 3-A- 3.6 12.5 13.5 16.8 19.4 
s. D. 2.6 3.3 2.3 4.1., 7.6 7.1 4.1 
67. 
Bartlett's test indicated a heterogeneity of the variances 
for the groups receiving 0.025, 0.125 and 0.250 .)lg/ml. Thus, we 
see that no confidence can be attached to the dose-response curve, 
since the variance of the groups depended on the dose administered; 
hence, a different mea sure of the response was sought. It was de-
cided, therefore, to use the transmission measurement as the response. 
A log dose-response line wa s drawn between the doses of 
0.025 and 0.250~/ml (Figure 5). Application of Bartlett's test 
indicated a homogeneity of the variances of these dose groups. It 
wa s concluded from this that the variance was independent of the 
response. Analysis of variance wa s performed and is presented in 
Table 21. The equation of the line wa s found to be Yx = 13.0-11.1 
log X. The precision index, lambda, was calculated to be 0.60. 
Discussion: 
The precision index of the in vitro method is greater than 
that of the method in which intact frogs were employed; however, 
not as much work has been carried out with isolated skins as has 
been done with the assay method employing the intact frog. Further 
work must be carried out with isolated skins before definite conclu-
sions can be made 'nth respect to a comparison of the lambdas of the 
t-vro methods. 
With respect to the relative sensitivities of the two meth-
ods, the smallest dose that produced a significant change in the 
light transmission through the isolated skins wa s the dose of 0.125 
jng/ml, while the intact frog responded significantly to a dose of 
0.064 p.g/f;rog. 
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Table 21. Analysis of Variance of Dose-Response Regression Line 
D. F. Var. S. D. 
Total 2367 39 
Doses 716 2 
Regression 673 
Deviations from 43 
Regression 
Error 1661 37 44.6 6.7 
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Figure 5. Log Dose Re sponse Regression Line 
If one considers the total amount of ACTH present, the in vivo 
method is many times more sensitive since there was a total of 
3.75).lg of ACTH present in the 30 ml of solution used in the in 
vitro method. 
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The range of response of the isolated skins was much smaller 
(0.125-0.250 )lg/ml) than the method employing intact animals. The 
intact frogs, as has previously been mentioned, responded over a 
100 fold range (0.064-6·4-~/frog). 
No repetition of the i~ vitro method of Shizume has been 
presented in the literature to date. The necessary equipment was 
not available in this laboratory, thus precluding the possibility 
of repeating the method and comparing it with the in vivo method. 
In the method of Shizume as in that of Frieden et al., the total 
amount of hormone needed is much greater than that needed for the 
in vivo method. 
It is concluded that the method of quantitating melanophore 
responses in the intact frog is superior to the isolated frog skin 
method for assay purposes. 
VIII. Quantitation of the Helanophore ~esponses of Isolated 
Fundulus Heteroclitis Scales 
Spaeth (1916) reported the concentration of pigrnent within 
the melanophores of isolated scales of Fundulus by a solution of 
epinephrine 1:1,000,000. Barbour and Spaeth (1917) reported a 
reversal of the epinephrine response by pre-treatment of Fundulus 
melanophores with ergotoxin. Since that time, in addition to 
epinephrine and ergotoxin many other drugs, hormones, and gland 
extra cts have been applied to isolated fish scales and injected 
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into intact fish. Pilocarpine ha s been described as a dispersing 
agent for melanophores (Barbour and Spaeth 1917). Curare, quinidine, 
morphine, strychnine, and cocaine were found to disperse the pig-
ment within melanophores of Fundulus (1Jyman 1924). Wyman (1924) 
also found that ether, chloretone and novocaine dispersed t he pig-
ment within melanophores in Fundulus. Quinidine, morphine, strych-
nine, and cocaine have been reported by Lowe (1917) to contract 
the melanophore of the trout. Thus, there appear to be species 
differences in the response of melanophores to drugs. 
The majority of the work has been carried out by direct ob-
servation of the dispersion or concentration of the pigment within 
melanophores. Spaeth (1918), Hill et al. (1935) and Smith (1936) 
described methods of objectively quantitating the melanophore res-
ponses of fish scales; however, no extensive objective quantitative 
studies of the re sponses of isolated fish melanophores to drugs and 
hormones has been reported. An attempt was made in our studies to 
quantitate the melanophore responses in isolated Fundulus scales to 
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drugs and hormones. The method to be described is similar to that 
reported by Smith (1936). It consists of a series of measurements 
of the light transmitted through isolated scales of Fundulus hetero-
clitis before and at various time intervals after the addition of a 
range of doses of piperidine methyl 3-benzodioxane (Benodaine, Merck), 
and in another study epinephrine hydrochloride. 
Materials and Hethods: 
Fundulus heteroclitis were obtained from a local dealer 
and kept in an artificial sea water medium. Groups of four fish 
were kept in bottles which were surrounded by cold water in order to 
0 
maintain a constant temperature of 10 C, for it was found that the 
fish would not live at higher temperatures. At l0°C the fish de-
veloped a thick coating of mucous over their scales, that could be 
seen upon removal of the scales, and which made it impossible to 
observe the melanophores of the scale clearly. In order to stan-
dardize conditions, the scales were removed by means of forceps at 
3:00 P.M. of the day preceding the experiment and refrigerated at 
l0°C overnight in a salt solution. The scales were removed from 
the refrigerator the next morning, kept at room temperature for one 
0 
half hour, and then transferred to a water bath at 14 to 15 C. 
The instrumentation employed consisted of a microscope with 
a demonstration ocular replacing the original ocular. A 20X lens 
was placed in the sidearm of the demonstration ocular. A 50X Leitz 
water immersion lens was employed as the objective, bringing the 
total magnification to lOOOX. With this magnification the responses 
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of single melanophores were studied. A microscope lamp served as 
the source of illumination with the line voltage stabilized by means 
of a constant voltage stabilizer. 
The instrument used to record the changes in light trans-
mission through the scales was a Photovolt densitometer :t-fodel 501A, 
its photocell housing being placed on the sidearm of the demonstra-
tion ocular and maintained by means of a burette clamp and stand. 
Extraneous light was prevented from impinging upon the photocell by 
means of a hood vhich was attached to the sidearm of the demonstra-
tion ocular. 
A transparent plastic box, serving as a constant temperature 
bath, was kept in place on the sidearm of the microscope by means 
of the mechanical stage. Stainless steel rings 3.2 em in diameter 
and 2.9 em in height were mounted on transparent strips of pla stic 
and served as receptacles into which the fish scales and solutions 
were placed. The temperature within the stainless steel cups, placed 
in the plastic box, was maintained by constant circulation of water 
around the cups. The water was cooled by circulation through glass 
coils in a refrigerator bath at l0°C. By regulati1~ the flow of 
this water around the stainless steel cup , the temperature within 
0 
the cup cotlid be kept constant ~ 1 C or changed if desired. 
The tempera ture was recorded by means of a galvanometer and 
two copper constantin thermocouple wires, one of which was placed 
in the refrigerator bath at l0°C, and the other immersed in the 
stainless steel cup. A change in tempera ture between the tvro thermo-
couples placed in parallel was registered by a shift of the galvano-
meter needle. The galvanometer was calibrated, and the zero point 
set for the temperature at which the experi~ent was carried out. 
Throughout the experimental period, oxygen was constantly 
bubbled into the solution within the cup, thus, permitting rapid 
mixture of the drugs added to the solution. 
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A solution of 5 vol.O.l5 M NaCl, 1 vol. 0.15 M KCl, 0.125 
vol. 0.20 M MgCl2 and 0.125 vol. 0.20 M CaC12 was found to maintain 
the pigment within melanophores of isolated Fundulus scales in a 
concentrated state. Addition of piperidine methyl 3-benzodioxane 
(Benodaine, Merck) dispersed the pigment within the melanophores. 
The pH of the salt solution was found to be 5.86, and upon 
addition of 0.1 ml of the highest concentration of Benodaine (1:500) 
the pH was 5.78. It was, therefore, concluded that the response~ 
of the melanophores to the various concentrations of the drugs were 
probably not due to changes in the pH of the solutions. 
A scale was placed in 9.9 ml of the salt solution within 
the stainless steel cup and prevented from moving by means of a 
stainless steel wire clipped to the side of the cup. The melano-
phore was brought into focus and the photocell placed in position 
on the sidearm of the demonstration ocular. All experiments were 
begun ~~th an initial light transmission of 40 on the photometer 
scale. This transmission was obtained by regulating the intensity 
of the light source. 
Groups of 10 scales received a range of concentrations of 
Benodaine from 1:500 to 1:800,000 in a volume of 0.1 ml added to 
the 9.9 m1 of salt solution, while a group of 10 scales received 
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0.1 ml of 0.9% NaCl solution and served as controls. Transmission 
readings were recorded at 5, 10, 15 and 20 minute intervals follow-
ing administration of the drug. After the 20 minute reading 0.1 ml 
of 1:500 solution of Benodaine was added. This concentration had 
previously been demonstrated to produce maximal responses of Fundulus 
melanophores. Transmission readings were recorded 10 and 20 minutes 
after addition of this dose of the drug. 
Results: 
The mean light transmission through all the experimental 
and control. scales is presented in Table 22. Time-response curves 
are presented in Figure 6. The response was expressed as follm-rs: 
The light transmission measurement twenty minutes after administra-
tion of the drug was subtracted from the starting value of 40 (called 
the dose-difference); the transmission measurement twenty minutes 
after the administration of the maximum dose was also subtracted 
from the starting value of L1-0 (called the maximum difference) • The 
response was expressed as the ratio of the dose difference to the 
maximum difference. In this way the response of each scale was 
related to its own "maximum" response. 
The means, sums of squares, and standard deviations of the 
twenty minute transmission measurement of all the experimental and 
control scales are presented in Table 23. It is evident that there 
is great variability in the response of the isolated melanophores 
,, 
of Fundulus. 
Bartlett's test was applied to the variances of the dose 
grou~of 1:50,000 to 1:400,000 inclusive, and a Chi2 value of 7.705 
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was obtained, indicating a homogeneity of the variances of 
these dose groups. 
The log-dose response regression line was computed between 
the doses of 1:50,000 and 1:400,000 (Figure 7). The equation of 
the line is Y = 92.7 ,L 27.7 log X. An analysis of variance of X 
the dose-response regression line was carried out and is presented 
in Table 24. With a value of the standard deviation of the error 
being 26.7 and a slope of 27.7, the precision index lambda was 
found to be 0.96; thus, indicating very poor precision. 
Table 22 Mean Light Transmission at Each Time Interval After 
Administration of Benodaine (Expressed as Per Cent 
of O~>m Maximum) 
Dose 5 10 12 
Control 12.7 18~0 26.1 
1•800 · 000 20.0 31.0 34.9 . , 
1:400;000 13.2 30~1 37.6 
1:200;000 2l.lt 30~9 41.1 
1:100,000 32~8 46~7 56.8 
1:50;000 32.6 50~3 59~6 
1:10;,000 55.8 57 .o 61~4 
1:1000 71~0 81~/+ 85.3 
1:500 84.1 88.6 87.6 
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Table 2.3 
Dose 
1:500 
1:1000 . 
1:lo,ooo 
1:50:,000 
1:100:,000 
1:200:,000 
1:400:,000 
1:800,000 
Control 
Light Transmission at Twenty Minutes (Expressed as 
Per Cent of Own Maximum) 
Res2onses Mean 
75 93 95 96 100 90 78 86 94 100 90.7 
94 92 100 84 87 98 72 100 100 91 91.8 
30 79 58 54 5.3 72 67 100 85 100 69~8 
30 77 56 95 54 58 100 76 41 48 63.5 
71 64 57 37 67 9.3 17 48 .35 92 58.0 
5.3 95 21 5.3 7.3 13 21 69 22 70 49.0 
5 1.3 94 86 47 29 0 .3.3 56 29 .38.6 
8 11 43 27 40 96 27 29 24 77 38~2 
0 0 4 25 0 .36 0 49 100 18 2.3.2 
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S. D. 
8.1 
8.9 
22.1 
22.9 
24~5 
28.2 
.3.2 
28.0 
.32.1 
so. 
Table 24. Analysis of Variance of Dose-Response Regression Line 
DF Var S. D. 
Total 29,346 39 
Regression 2,982 2 1491 
Deviation from 
Regression 583 l 583 
Error 25,781 36 716 26.7 
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Figure 7. Log Dose-Response Regression Line 
Yx = 92.7 ~ 27.7 log X 
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Effects of Temperature on the Response of Isolated Fundulus 
Nelanophores 
82. 
In an attempt to study the effects of temperature on the res-
ponses of melanophores of isolated Fundulus scales, groups of six 
scales were treated with concentrations of 1:50,000 and 1:400,000 
{) 0 0 
Benodaine at 16 C, 20 C and 25 C. The means and standard deviations 
of the responses are presented in Table 25. 
Because of the great variability of the responses of isolated 
Fundulus melanophores, no significant differences were found be-
0 t!> 0 • D 
tween the responses at 18 C and those at 16 C, 20 C and 25 C. 
A third series of experiments was carried out with melano-
phores of isolated Fundulus scales initially in the dispersed state. 
A range of concentrations of epinephrine from 1:1000 to 1:800,000 
was added to groups of five scales. Analysis of the data indicated 
more extreme variability than had been found in the Benodaine series. 
Hence, no significant regression was found upon analysis of the 
variances. 
Discussion: 
There is no quantitative work reported in the literature with 
which to compare these studies. The great variability of the re-
sults precluded the possibility of using isolated fish scales with 
the above described method as an assay method. 
There are several possibilities that might explain the varia-
bility obtained. Preliminary studies of the responses of isolated 
Fundulus melanophores have indicated that the position of the melano-
phore on the scale is of importance in the response of the melanophore 
Table 25. Effect of Temperature on the Responses of Isolated 
Fundulus Melanophores to Benodaine 
Dose 
16°C 
Temperature 
20~C 25 °C 
1:50,000 
Mean 62.8 53.5 44.8 
S. D.31.2 37.1 41.5 
1:400,000 
Mean 65.0 43.5 23.1 
S. D.26.2 28.4 22.2 
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to drugs. It would appear from observations made during these 
early studies that the drug must diffuse through the skin of the 
scale, for, if a whole scale is observed, a wave of concentration 
or dispersion spreads over the scale follo,nng the administration 
of drugs. The wave of response to a drug was found not to begin 
at the same location in every scale. It is possible tha t there may 
have been differences in the diffusion of the drugs into the skin 
on the fish scale because of varying amounts of mucous coating the 
scales. 
Another possibility in accounting for the variability of the 
results is the individual differences in sensitivity of the melano-
phores of the same scale to a given concentration of drug. On ob-
serving a scale that has been treated with a drug one often ob-
serves single melanophores that have not reacted to the concentra-
tion of drug added, completely surrounded by melanophores that have 
reacted to the drug. Upon addition of a higher concentration of 
drug the melanophores that have not responded ~ll sometimes respond. 
Hm-rever, there are some melanophores that appear to be completely 
unresponsive to any concentration of the drug. 
The problem of variability in response can be studied further. 
A number of other salt solutions should be made, to rule out the 
possibility that some ionic effect may be contributing to the varia-
bility. The entire scale should be magnified so that the observer 
can accurately discern the beginning of the response, and the light 
transmission through the entire magnified scale should be measured. 
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These procedures might eliminate the variability arising from the 
few melanophores that are either non-responsive or markedly less 
sensitive. In addition to measurement of light transmission through 
the entire scale, measurement of the light transmission through the 
many small areas of the isolated scales might also yield valuable 
information. 
86. 
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Abstract 
With the attention of many physiologists, pharmacologists, 
biochemists, and microbiologists focused upon the cell, the 
quantitation of the responses of single cell effectors is of 
current interest. Thi s thesis is devoted to the consideration 
of methods of quantitating the melanophore responses of frogs 
and fish to drugs and hormones. 
Color changes of animals have been studied since the time 
of Aristotle. For many years the melanophore responses of various 
species of animals were studied with respect to changes in envi-
ronmental background. In the earlier part of this century the 
responses of melanophores to drugs and hormones, isolated from 
tl1e endocrine glands, especially the pituitary and adrenal gland, 
were observed and quantit a ted, for the most part, subjectively. 
More recently the demonstration of the melanophore stimulating 
a ctivity of prepara tions of ACTH has grea tly increased interest 
in the responses of melanophores. A controversy of whether ACTH 
ha s intermedin activity or whether intermedin is a contaminant 
of ACTH preparations has increased the need for objective quanti-
tative methods for measuring melanophore responses. 
Demonstration of the melanophore stimula ting principle in 
the blood of patients under stress, patients 1nth Addison's 
disease, and in pregnancy increases the importance of quantitation 
of the melanophore responses. Similarity between the pigment cells 
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of the retina of many animals and the pigment cells present in 
the skins, fascia, and mesenteries of animals has been another 
stimulus for this study. 
Both morphology and the mechanism of melanin pigment mi-
gration are considered in the thesis. Photographs which confirm 
the theory that the melanophores of Fundulus heteroclitis are 
fixed stellate processed cells whose pigment migrates into and 
out of the processes and the body of the cell in response to epi-
nephrine and an adrenergic blocking drug N-9-Fluorenyl-N-ethyl-
2 Chlorethyla~ine HCl (SY-21) are presented. 
The reason for the changes in color of animals with the 
migration of pigment within the melanophores was demonstrated by 
measuring the areas covered by single melanophores with their 
pigment in the dispersed and concentra ted states. The melano-
phore with dispersed pigment was found to cover approximately 
six times more area than with pigment in the concentrated sta te. 
A critical review of the previously reported methods of re-
cording and quantitating melanophore responses is presented. 
Methods of quantitating melanophores are discussed under two large 
categories: subjective and objective. Subjective methods are 
those which use an arbitrary index by which the various stages 
of the melanophores are characterized by 'numbers. Together with 
the subjective eiement of such methods, the statistical treatment 
of such indi«es as measurement data is criticized on the ground 
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that there is no mathematical relC:1,tion of the various subdivisions. 
The originators of the method expressed the fact that the indices 
were arbitrary designations. Criticisms of the objective quanti-
tative methods developed up to the present time are discussed. It 
is concluded that only an objective quantitative method for measu-
ring melanophore responses to which valid statistical procedures 
can be applied should be used for assay of the melanophore stimu-
lating principle. 
An objective quantitative method of measuring melanophore 
responses in the intact frog is presented. This method consists 
of series of measurements of the light reflected from the dorsal 
.. 
surface of intact light adapted frogs before and at various time 
intervals after the administration of an Armour ACTH preparation. 
~\n extensive analysis of the data is presented and discussed. A 
slight dependence of the peak and one-hour responses on the 
starting reflectances of the frogs was calculated by means of co-
variance analysis. No dependence of the responses on the vreight 
of the animals was found. The arbitrary practice of administering 
the hormone on the basis of animal weight is criticized on the 
grounds that previous workers did not establish the dependence 
of the response on the weight of the animal. 
Dose-response regression lines are presented for the peak-
response and the response one hour after administration of the 
ACTH. Analysis of these lines and comparison of the slopes, 
variances of error, and precision indices indicate the one-hour 
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response has about the same degree of precision as the peak-
response. For purposes of assay, the one-hour-response is more 
convenient to use. This method fulfills the three criteria 
for quantita ting responses set forth by Gaddum in that there is 
a linear relationship over a hundred fold r ange of doses; the 
standard deviation is independent of the response; and the 
precision index, lambda, ha s a small value. 
The reliability of the photoelectric method for quantitating 
melanophore responses was demonstrated by means of the assay of 
unknown solutions of the standard Armour ACTH preparation. An 
average error of 14% for the unknowns was found. 
This method was employed in the assay of the melanophore 
stimulating activity of anterior pituitary preparations provided 
by Dr. E. B. Astwood. Most of the melanophore stimulating acti-
vity of the preparations wa s found to be present in the acetic 
a cid fraction produced by fractionation of Corticotrophin be-
tween butanol and acetic acid. We are unable to confirm the 400 
fold purification of the ACTH (butanol f raction) reported by 
Astwood and coworkers. Results of the assay of an alkali-treated 
preparation of Corticotrophin indicate a potentiation reported 
previously by other workers. 
Ass~y of the melanophore stimulating activity of posterior 
pituitary preparations indica ted that almost all the intermedin 
activity is present in the Vasopressin fraction of posterior pit-
uitary powder. Pitocin, or the oxytocic fraction of posterior 
pituitary powder, was found to have very little melanophore 
stimulating activity. 
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Comparison of the slopes, standard deviations and precision 
indices of the standard preparation over a period of seven months 
indicated a stability of the assay method. It is concluded, there-
fore, tha t t he photoelectric method of measuring melanophore res-
ponses is reliable. 
A study of the effects of a number of drugs on t h e melano-
phores of the intact frog and the response of the melanophores to a 
dose of 0.4 ~g/frog was presented. Dimethylaminoethyl benzhydryl 
ether HCl (Benadryl), atropine sulfate, epinephrine in a dose of 
0.1 mg/frog, metha choline chloride, and a dr ug produced by t he con-
densa tion of an alkoxyphenylamine, 1-d th formaldehyde (48/80) 11ere 
found to disperse the pigment ~dthin the melanophores of the int a ct 
light adapted frogs. Histamine diphosphate, epinephrine - 1 mg/frog, 
and tetraethyla.rmnonium did not disperse the pigment ~thin the 
melanophores a t one half hour. None of the drugs studied block ed 
t he responses to the standard dose of ACTH. 
A method of quantitating the melanophore responses of iso-
lated frog skins was described and compar e d ~dth the in vivo 
method. When the results were expressed in the same way as that 
of t he originators of the method, there was an increa se in the 
variability of the responses and heterogeneity of the variances 
wa s revealed. The responses expres sed a s the light transmission 
measurement forty minutes after administra tion of the ACTH wa s 
variable. A log dose-response r egression line was presented vd th 
its statistical analysis. The precision index of the in vitro 
photoelectric method vra s f ound to be greater· t han tha t of the 
in vivo photoelectric method. The sensitivity of the intact 
animal was greater than isolated pieces of frog skin. 
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An attempt to quantitate the melanophore responses of iso-
lated Fundulus heteroclitis melanophores was presented. The 
method, similar to that reported by Smith consists of the measure-
ment of changes in light transmission through the scales after 
the administration of piperidine methyl-3-benzodioxane (Benodaine), 
and in another series, epinephrine. Statistical analysis indi-
cated variability of the responses and a precision index of 0.96. 
Because of the great variability of the responses no significant 
differences were produced by changing the temperature at which 
the experiments are conducted. The response to epinephrine was 
also variable and in this series no significant regression was 
found. 
In conclusion, a method of quantitating melanophore res-
ponses of the intact frog has been developed. This method has 
the advantages of sensitivity, reliability and accuracy. The 
data permit the application of statistical procedures which 
give the results a known degree of confidence that is unobtainable 
with the in vivo methods that have been reported to date. 
Name: Stanley Deutsch 
Date of Birth: April 4, 1930 
Place of Birth: Brooklyn, New York 
Parents• Names: Elias and Estelle Deutsch 
101. 
Follovdng graduation from Fraruclin K. Lane High School, 
Brooklyn, New York, in June 1947, I attended Washington Square 
College of New York University where, in June 1950, I received 
the degree of Bachelor of Arts. In September of 1950 I began 
attending Boston University Graduate School and received the 
degree of Master of Arts in Biology the follovdng June. I 
commenced work toward the degree of Doctor of Philosophy in 
September 1951 in the Department .of Physiology at Boston 
University School of Medicine. During the academic year of 1952-53 
I held the position of Parke-Davis Research Fellow in Physiology. 
The follovdng year I served as Teaching Fellow in the Department 
of Physiology at Boston University School of Medicine, and instruc-
ted a course in physiology at the Boston City Hospital School of 
Nursing. In April of that year I was elected a full member in 
the Boston University chapter of the Society of the Sigma Xi. 
In September 1954 I enrolled as a student at Boston University 
School of Medicine from which I expect to receive the degree of 
Doctor of Medicine with the class of 1957. 
